Introduction: The use of group work assessment in medical education is becoming increasingly important to assess the competency of collaborator. However, debate continues on whether this does justice to individual development and assessment. This paper focuses on assessing the individual component within group work. Method: An integrative literature review was conducted and complemented with a survey among representatives of all medical schools in the Netherlands to investigate current practices. Results: The 14 studies included in our review show that an individual component is mainly assessed by peer assessment of individual contributions. Process and product of group work were seldom used separately as criteria. The individual grade is most often based on a group grade and an algorithm to incorporate peer grades. The survey provides an overview of best practices and recommendations for implementing group work assessment. Discussion: The main pitfall when using peer assessment for group work assessment lies in differentiating between the group work process and the resulting product of the group work. Hence, clear criteria are needed to avoid measuring only effort. Decisions about how to weigh assessment of the product and peer assessment of individual contribution should be carefully made and based on predetermined learning goals.
Introduction
Medical students are trained to become professionals, who must work together in teams. Medical professionals need to collaborate with colleagues and other health care workers. It is therefore important to address the competency role of ''collaborator'' in medical education (Frank et al. 2015) , for example by introducing group work or team-based learning (Davies 2009; Parmelee & Michaelsen 2010) . Group work assessment is the most common way of assessing this competency (Epstein & Hundert 2002) and is becoming increasingly important in medical education (Frenk et al. 2010) . Group work has multiple advantages for learning. It leads to deep and active learning (Davies 2009 ), increased knowledge outcomes, teamwork skills and interactivity (McMullen et al. 2014 ) and staff and student satisfaction (Zgheib et al. 2010) .
In group work assessment, the group as a whole often receives a single grade for a group product, which is the outcome of the group work-for example, a paper, a presentation, a poster (Cheng & Warren 1999) . The individual grade for each group member is often identical to this group grade. The question arises whether this does justice to individual skills and development. After all, students receive individual credits that should reflect their personal performance.
When we take a closer look at group work assessment from this perspective, some practice issues arise. For instance, it is often not clear what happens in student teams. When group processes are not closely monitored and contributions of individual students not identified (Watson et al. 1993) , the validity of group scores for individual students may be challenged. Is the assignment really a task that requires teamwork and collaboration or has it been completed by one individual? How should the issue of free riders be addressed? Free riders are defined as students who do not put effort into group work but hope to benefit excessively from the work of others. The question is as follows: can we identify the individual component in group work and include this in the assessment criteria? Worries about accountability arise when dealing with group assignments, mainly because it is often unclear how individual contributions are assessed. From this perspective, the central issue of this paper is: ''How can individual contributions be identified and assessed in group work assessment?'' To further specify the aim of our study, we formulated the following research questions:
1. Which assessment instruments or tools are being used to assess the individual component in group work assessment?
Practice Points
Peer assessment is an often-used tool to identify individual contributions in group work. Criteria should be clearly defined to avoid peer assessment of perceived effort only. In grading, the value of the collaboration process and the product of the group assignment should be based on the learning objectives. Grading systems that take into account free-riding are preferred over systems that do not.
2. What criteria about process and/or product are being used to assess this individual component? 3. What procedures or algorithms are being used to determine the individual grade?
To investigate these questions, an integrative literature review (Whittemore & Knafl 2005) was conducted on assessment of the individual component within group work. This type of review allows combining different sources of evidence. In addition, we sent out a questionnaire to gain an overview of how group work assessment (and procedures) is used in practice and to identify best practices from all medical schools in the Netherlands. Our goal was to determine the best methods of assessing this individual component (the ''I'') in group work.
Methods
A literature search was performed in January 2015, for all articles up to that moment. Medline, PsycINFO, and Educational Resources Information Centre (ERIC) were searched for original articles on the use of group work assessment. The following search terms were used: ''group work'' OR ''team work'' OR ''group assignment'' AND scor* OR feedback OR ''student evaluation'' OR gradi* OR grade* OR marking OR marked OR mark OR rating OR rated OR assess* OR ''standard setting'' OR judg* OR achiev* AND learning AND student* OR education OR undergrad* The search was first narrowed to ''medical education'', but because this resulted in a very low number of articles, we removed this limitation. First, we selected articles that dealt with group work assessment in educational settings. Subsequently, the articles were evaluated to determine whether assessment of the individual component of group work was described in a way that met our additional criteria:
Main inclusion criterion:
Assessment of the individual component of group work is described Additional inclusion criteria:
The type of group work is described in sufficient detail Grading/judgment procedures/criteria are described in sufficient detail Publication in English
In March-April 2015, we used an online questionnaire to gather information on group work assessment in the eight medical schools in the Netherlands. The questionnaire (Supplementary Appendix A) was sent to the members of the Special Interest Group on Assessment of the Netherlands Association for Medical Education working in medical schools (n ¼ 21). The members of this group have several years of experience in the field of assessment in medical education, regarding assessment policy and development in their institution as a member of a board of examiners or faculty management and organization. We deliberately refrained from quantitative description of data from the questionnaire because the sample is too small by default (there are only eight medical schools in the Netherlands).
Results
Our initial search resulted in 845 hits [Medline (155) , PsycINFO (378) , and ERIC (312)-number of articles found in brackets]. After removing duplicate hits, a total of 733 articles were identified and screened based on title and abstract. After we screened the articles and selected the ones that dealt with group work assessment in educational settings, 50 remained. The main inclusion criterion eliminated many articles, because often there was no individual component in the group work assessment. In many instances, the individual assessment was based on a separate assignment or test (e.g. a multiple choice test) independent of the group work assessment. Our additional inclusion criteria were used to test whether the descriptions of the assessment methods were clear enough to enable us to evaluate the results and conclusions of the studies (Figure 1 ).
Thirteen articles met our inclusion criteria. During an additional citation search, we identified one (Spatar et al. 2015) that cited several of the articles selected and fitted all our inclusion-criteria. We included this paper and ended with a total of 14 articles.
Representatives of all eight Dutch medical schools responded, providing information on the use of group work assessment in their undergraduate curricula, best practices, and experience with addressing an individual component. In total, 14 experts (67%) responded.
The results from the literature review and the questionnaire are presented regarding tools, criteria, and procedures, respectively. Characteristics of the 14 selected studies are described and summarized in Table 1 .
Tools
In most studies, the individual component was assessed using peer and/or self-assessment: 12 studies used peer assessment, seven of which in combination with self-assessment. In one study, the individual component was assessed based on The method can be straightforward, using a spreadsheet application. It identifies potential free-riders. A tutor is still very necessary to monitor free riding. Takeda 2014 Undergraduate business students In groups, students present information on cultural awareness when doing business with people of a country of the group's choice Instructors should assign students into heterogeneous groups or take measures to ensure students form gender diverse groups Dingel 2014 Introductory sociology class, bachelor science in Health Sciences Three papers, written collaboratively-students evaluated themselves and each of their teammates -cooperative data papers made up 20% of students' course grades Individual assessments (in-class examinations, essays, quizzes and participation) made up the remaining 80%
Peer evaluations positively correlate with both course performance and leadership
Caple 2013
First year undergraduate students of a Media, Society, Politics course
The group researches media ownership and regulation in a particular country; the research is to be collated on a wiki page.
New technologies like wikis can track individual participation in collaboration. Students should be given time to familiarize themselves with the technology. Also, the implications of the fact that a wiki can monitor every contribution they make, should be clear to them. Jin 2012 Two units in an undergraduate construction management course in a university
Group project/presentation based on a case study in construction management.
The perceived fairness of a peer assessment approach does not necessarily depend on its complexity
Maiden 2011
University business school Varied group assignments All six in the article described approaches to address free riding and social loafing worked well. Two approaches worked with a warning system; two with an additional task; and two used peer-assessment of contribution. Also, the attempt to address free-riding is significant rather than the method used to avoid it. Tucker 2013 Students in Architecture and Construction Management, at a university Team design-report/team design of a building There is a statistically significant relationship between overall academic abilities and SAPCA (self and peer continuous assessment) ratings indicating that academically successful students more often than not make good teammates. However, when peers assess contributions to teamwork they are assessing skills and qualities in their teammates other than overall academic ability or the ability to design well. Zhang 2009 Students in a Principles of Management course at a large university A group work project, including playing a management simulation game
Individual differences have to be taken into account if group grades are going to be assigned and utilized for evaluating individual performance at all. Adjusting contribution differences based on peer and self-ratings could be an effective way to improve the validity of group grades.
Knight 2004
Undergraduate Geography and Environmental Science students
The first exercise was an individual 1500-word report The second exercise was organized in three parts -an individual 300 word summary of an academic paper -a group-made 10-15 minute oral presentation including all students as speakers -an individual,1000word written report on questions posted
Group performance was higher than individual performance, though students assume they benefit more from individual exercises. More innovative assessment including peer assessment would help to make students stakeholders in their learning process.
Kuisma 2007
BSc physiotherapy students at a Polytechnic University
Problem-based group project Portfolios can be a way to assess students contribution to a group project but also an evaluation of what they have learned as an individual Sharp 2006 Undergraduate students in Computing at a university Group work assignment If student ratings are to be used to moderate individual marks, then students and tutors should agree on that decision. Also, decisions have to be made concerning the limit on the impact of the peer assessment method on the tutor mark.
Lejk 2002 Students in a Level 2 Business Systems Analysis module
Group project with a duration of 4 weeks, starts with individual task Students who use a holistic peer assessment method seem to be a little bit more supportive to the method than those who use a categorybased peer assessment method Lejk 2001 Students in a Level 2 Business Systems Analysis module Group project with a duration of 4 weeks, starts with individual task
The final spread of marks within the group is larger with secret peer assessment than with open peer assessment. Ignoring self-assessment also leads to larger spread.
Strom 1999
High school students Group assignments/projects in different subjects
Teacher should provide class ample opportunity and relevant tasks to enact the specified criteria.
student portfolios (Kuisma 2007) and in another on wiki statistics/logs (Caple & Bogle 2013) . The assessment methods are listed in Table 2 . The respondents in our questionnaire reported assessment of group process using some form of peer assessment. Evaluation by peers was not only utilized to assess aspects that cannot be observed directly by teachers (notably collaboration in the group) but also for educational reasons, as students learn through the evaluation of the assignments of peers.
A written product (report or essay) is reported as the most frequently used tool to assess group work in Dutch undergraduate medical curricula. This written product is often presented orally by students to peers and teachers. Other assignments such as posters, debates, and demonstration of practical skills are mentioned as well.
Criteria
In our review, we found that in peer assessment, process or product were seldom used as separate criteria to evaluate individual students but more often framed as the ''contribution to the group work.'' This concept of contribution was poorly defined in eight of the 14 studies. The other six used well-described criteria or rubrics regarding the group process. The study by Lejk and Wyvill describes a set of six criteria plus keyword indicators (Lejk & Wyvill 2001 that is also used by Sharp (2006) , such as motivation, adaptability, creativity, communication skills, general team skills, and technical skills. Strom et al. describe a set of 25 criteria on collaboration skills (Strom et al. 1999 ). In the remaining 10 studies, students were asked to judge the contributions in a more holistic manner. This holistic judgment was sometimes preceded by some preparation by the students. Students were, for example, instructed to reflect on a set of behaviorrelated questions, for example, concerning peer attendance, effort, responsibility (Dingel & Wei 2014) . Another way of assessing individual contributions is described by Tucker who used a validated instrument using specific and welldescribed aspects of group work combined with a more holistic approach (Tucker 2013 ).
In only one study, specific teamwork skills were described and used for individual assessment (Strom et al. 1999 ). In the wiki study by Caple and Bogle (2013) , specific aspects of the process were assessed using the Wikispace platform: a History tab revealed the evolution of the page over the duration of the project (and the student responsible for each edit); and the Wiki Statistics function collated every contribution/edit made by an individual member (Caple & Bogle 2013) . In the study by Kuisma (2007) , a portfolio was used for individual grading, and hence, in this case, only reflection on own learning and no peer assessment was used. The content of the portfolios was graded using the SOLO taxonomy (Biggs & Collis 1982) . Finally, in one study, explicit criteria for evaluating the end product, a presentation, were mentioned. These, as well as a weighting scheme were negotiated with the class (Knight 2004) .
Respondents to the questionnaire recommended incorporating ''collaboration'' in the learning objectives and assessment criteria of group work assignments (Box 1). Other ways to identify an individual component mentioned were based on assessing an additional individual task Table 2 . Criteria for assessing an individual component in group work, identified in studies in the review.
Spatar 2015
Takeda 2014 Sharp 2006 Lejk 2002 Lejk 2001 Strom 1999
Peer assessment is part of the assessment procedure 
Procedures
Different approaches to peer-assessment were compared in five studies. The individual grade was most often based on an algorithm taking peer and/or self-assessment into account. Nine such methods were described in the studies, using a formula to differentiate between individual students (Lejk & Wyvill 2001 . These procedures varied in complexity ranging from a holistic view (Lejk & Wyvill 2001 to a complex procedure-which normalized raw peer ratings, calculated individual weighting factors, partially corrected for inter-rater agreement and constrained above-average contributions (Spatar et al. 2015) . In four studies, (Strom, et al. 1999; Knight, 2004; Kuisma 2007; Dingel & Wei 2014 ) such algorithms were not used or reported because they were not relevant to these studies. In all but one study the tutor gave a grade, and in almost all cases, only the end product was used for this grading (Table 2) . In one study, no tutor assessment was given since the learning objective was to assess teamwork skills in the student group (Strom et al. 1999) .
Respondents to the survey reported a summative nature of group work assessment as the main purpose in all but one institution. Most respondents reported that a teacher awarded a summative group mark based on assessment of the group product. Yet, some ways to identify an individual component in group work were also applied; similar to methods described in papers included in our review. Summative assessments of group assignments were reported to provide students with a qualification (grade, pass/fail or the like), and also some kind of narrative feedback (written or oral, provided standard or on request). Such narrative feedback may provide students with useful input for future learning.
Free riding is recognized as a potential problem in group work assessment by all of the seven medical schools that use the group work for summative assignments, but most do not regard it as a critical issue. For only one institution, free riding is the reason to only rarely apply such assessment. Others mention strategies or procedures that are applied to minimize free-riding, regarding limited group size (two students), or timely detection by paying attention to the collaboration process by tutors.
Additional findings from the questionnaire Keys to success for using group work were queried in the questionnaire. Based on experience in the Dutch medical schools, respondents provided several recommendations for using group work in the appropriate way, and ways to avoid risks/limitations. These refer to the task, group composition, attention to the group process, and learning goals and assessment criteria and are summarized in Box 1. More details are provided in the recommendations in the discussion.
Although group work is seen as a means for learning to collaborate and thus is applied for educational reasons, it should be noted that respondents also explicitly mentioned practical reasons for applying group work. Compared to multiple-choice examinations, other forms of assessment, such as essays or papers, are more labor-intensive in terms of staff time needed for correcting. By using group assignments, fewer staff are needed for supervision and correcting compared to individual assessments.
Discussion
This paper intended to answer the question: ''How can the individual contributions be identified and assessed in group work?'' which we further detailed in (1) Which assessment instruments or tools are being used to assess the individual component in group work assessment? (2) What criteria, about process and/or product are being used to assess the individual component? and (3) What procedures or algorithms are being used to determine the individual grade?
Tools
The studies included in the review show that identifying the individual component is possible and that it is mainly done through peer assessment of individual contributions. This is in agreement with regular practice in medical schools in the Netherlands according to the findings based on the questionnaire.
Although self-assessment is used in half of the studies in our review, we agree with Lejk and Wyvill (2002) and Spatar et al. (2015) who advise not to use self-assessment for identifying the individual component of group work in summative assessments. Self-assessment reduces the variability (Lejk & Wyvill 2002) , it is not necessary to identify free riders, and students often appear unable to assess themselves (Spatar et al. (2015) for an elaborate discussion on this issue). Yet, for formative assessment and learning opportunities, self-assessment can still be very valuable.
Box 1. Recommendations for group work assessment* 1. Develop tasks that are suited for group work collaboration is beneficial for the result (big enough tasks e.g.) related to a collaborative process in professional practice (realistic/ authentic) 2. Pay attention to group composition limited group size may diminish the risk of free riding 3. Incorporate collaboration in the learning objectives and assessment criteria 4. Provide attention and guidance to the group process by skilled and experienced teachers (do not focus merely on the resulting product) 5. Evaluate the group process periodically, not only after finishing the task give opportunity to use feedback to improve group process and product 6. Distinguish an individual component in the assessment of group work in order to acknowledge individual performance, as well as to discourage free-riding 7. Involve students in feedback and assessment provide clear guidelines and criteria (rubrics) at the start of the group work apply self-and peer feedback/peer assessment *as mentioned by the surveyed respondents from all eight Dutch medical schools Although the group work or product is important, individual competencies play an important role-Box recommendation 6.
Criteria
We believe that peer assessment is a suitable instrument to address the ''I'' in group work; however, there is an important pitfall. The assessment of individual contribution may be derived from the perceived effort individual students put in the group product and/or from the perceived participation in the group process (e.g. attendance, active participation, creativity). A recurrent discussion in practice is the distinction between assessing the process or the product of the group work. With peer assessment, it is difficult to differentiate between process and product. This results in collating both with the vague term ''contribution.'' If the criteria for peer assessment are not clear and well defined, the assessment of individual contribution becomes only an assessment of perceived effort. Therefore, we stress the importance of first defining the learning goals on process and/or product and formulating clear criteria accordingly (see the Box recommendation 7).
Procedures
In almost all studies, a combination of tutor and peer assessment was used to give an individual grade. The reliability of peer assessment is often questioned (Dancer & Dancer 1992; Stefani 1992; Pond et al. 1995; Orsmond et al. 1996; Falchikov & Goldfinch 2000) and various authors warn to be cautious in weighing peer assessment of contribution into the final grade. Yet, deriving the individual grade largely from the group (product) grade, diminishes individual differences in grades within the group. The decision about weighing these two should be founded on the learning objectives (the Box recommendation 3). If the final product covers the most important learning objectives, more value should be added to it, but if team skills or collaboration skills are most important more weight should be given to peer assessment. Weighing different factors in the decision is always a compromise. Focusing purely on the end product will not do justice to individual contributions. Assessing collaboration skills in a vacuum without taking the final product into account is artificial. On the other hand, if the shared goal of the team (the final product) becomes unimportant in the grading procedure, it will influence the functioning of the team and consequently the validity of the assessment of collaboration skills.
It is important to take the group size into account for group work assessment-see the Box recommendation 2. The group sizes in the studies included in the review were small (maximum 7 students). According to Strom et al. (1999) , four to six students per group is ideal. With increasing group size, a group mark becomes less informative of individual performance, so identifying individual performance becomes increasingly important. Hence, the bigger the teams, the more weight the individual component should receive. Related to this is the duration of team compositions. A continuous group process over a longer period of time differs from a single end-of-course activity. Since evaluation of individual contributions during group work provides students with valuable feedback, multiple formative low-stakes assessment moments over a longer period of time are preferred-see the Box recommendation 5 and 7. This enables students to reflect upon the feedback received and improve their teamwork activities. Formative assessments ideally result in a final summative assessment in which formative feedback and improvement steps taken are considered (Schuwirth & Van der Vleuten 2011) .
Finally, peer assessment can be done in the open or anonymously. When given in secret, more honest comments can be expected. Anonymity in peer assessment is not explicitly addressed in the studies aimed at identifying the individual component, although Lejk and Wyvill (2001) found that the spread of scores is higher in anonymous peer assessment.
Additional issues
During our screening and analysis of the literature, two additional issues in defining group work assessment emerged:
(1) student behavior (or attitude) and (2) group composition. Multiple studies found that students' perceptions towards group work are generally positive (e.g. Knight 2004) . However, what struck us was that no study linked the characteristics of the grading system to student behavior. Only Jin (2012) found that perceived fairness was not related to the complexity of the grading system. Students do indicate that grading systems that take free-riding behavior into account are preferred over systems that do not (Maiden & Perry 2011) . Other studies also indicate that staff and students regard the free-riding issue as an important topic (Maiden & Perry 2011; Spatar et al. 2015) . However, identifying free riders should not be the main goal of a grading system. Providing feedback on collaboration skills and identifying students' strengths and weaknesses should be more valuable.
The second issue concerns biases due to group composition (Takeda & Homberg 2014; Dingel & Wei 2014; Spatar et al. 2015) . We acknowledge that the composition of the group is likely to influence how the group functions. There is little evidence to support an argument for gender bias in peer marking (Tucker 2013) . However, prior to assessment, group composition may influence collaboration during group work-for example, women may have higher teamwork skills (Strom et al. 1999 ) and there is evidence that gender balanced groups result in more equitable contributions than imbalanced groups (Takeda & Homberg 2014) . Still, the practical relevance of group composition for group work assessment is less obvious as the composition of groups in a course is often difficult to influence.
Limitations
Our literature search found only a limited number of studies that assessed the individual component of group work. By excluding studies that do not explicitly assess this we may have missed useful advice and good practices regarding other aspects of group work and group work assessment. However, we believe that an explicit focus on this individual component is needed and easily overlooked in the big picture of group work assessment. Another limitation is our sample, regarding the questionnaire. Although we included all medical schools in the Netherlands, it remains a small number of medicals schools in a culturally uniform area. Other cultures may show different practices and experiences.
Conclusion
In the literature reviewed, we found no clear distinction in motivations for using group work assessment (either to assess collaboration or efficiency). However, we recognize that the relevance of our main question is largely derived from the doubts raised when using group work assessment mainly as a means for efficiency improvement or budget cuts. On the other hand, if the goal is to assess collaboration, we believe the validity argument should also be based on more than a group product and should include the process, both regarding the group as a whole and its individuals.
The question remains: how should a grading system for group work assessment be set up? In the Box, recommendations are provided, collected from the health faculties in the Netherlands. From the studies and the questionnaire, we conclude that the following steps should be considered when constructing and implementing group work assessment.
What are the main learning goals? A decision should
be made about the relative importance of product and process. 2. Does the weighting scheme and formula fit the purpose? Are the criteria for peer assessment well defined? It is worth considering discussing the nature of the contributions to group work and criteria for peer assessment between tutors and students before starting the peer assessment. 3. Is the end product (task) suitable for group work? (see Box recommendation 1) 4. Does the group composition give reason to suspect bias in assessment results? If yes: What safety measures are in place to counteract this? 5. Team skills are not always evident in groups. Provide guidance and opportunities to develop these skills-Box recommendation 4. Provide feedback periodically, not only at the end.
Assessing the individual component within group work is complex, yet feasible and surely worth the effort for both accountability reasons and learning.
